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Key points 
 Older people were allocated to 12 weeks of vertical, side-alternating or sham vibration 
alongside a falls prevention programme  
 Fall risk factors improved in the sham vibration with usual care group  
 There were greater increases in leg power with vertical than sham vibration  
 Bone turnover increased in vertical and side-alternating vibration groups relative to the sham 
vibration group 
 Whole body vibration did not provide any benefit to balance or fall risk factors beyond usual 
care 
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Abstract 
Background: Whole body vibration training may improve neuromuscular function, falls risk and 
bone density, but previous studies have had conflicting findings. 
Objective: This study aimed to evaluate the influence of vertical and side-alternating vibration on 
musculoskeletal health in older people at risk of falls. 
Design: Single blind randomised controlled trial comparing vibration training to sham vibration in 
addition to usual care.  
Participants: Participants were 61 older people (37 women and 24 men), aged 80.2 + 6.5y, referred 
to an outpatient falls prevention service.  
Methods: Participants were randomly assigned to vertical vibration (VV), side-alternating vibration 
(SV) or sham vibration (Sham) in addition to the usual falls prevention programme. Participants 
were requested to attend three vibration sessions per week for 12 weeks, with sessions increasing to 
six, 1 minute bouts of vibration. Falls risk factors and neuromuscular tests were assessed, and blood 
samples collected for determination of bone turnover, at baseline and following the intervention. 
Results: Chair stand time, timed-up-and-go time, fear of falling, NEADL index and postural sway 
with eyes open improved in the Sham group. There were significantly greater gains in leg power in 
the VV than Sham group and in bone formation in SV and VV compared to the Sham vibration 
group. Conversely, body sway improved less in the VV than Sham group. Changes in falls risk 
factors did not differ between groups. 
Conclusions: Whole body vibration increased leg power and bone formation, but did not provide 
any additional benefits to balance or fall risk factors beyond a falls prevention programme in older 
people at risk of falls. 
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Introduction 
A substantial proportion of older people sustain falls, which in combination with low bone strength 
contribute to fractures and associated morbidity, reduced quality of life and increased mortality [1]. 
Previous fallers are more likely to fall again, so improving fall risk in previous fallers is particularly 
important.  
Exercise is one of the few strategies that may both reduce fall risk and increase bone strength. 
Unfortunately, many of the people most risk of falls and fractures may be unwilling or unable to 
exercise. Externally applied loading as in whole body vibration is a potential alternative. Regular 
training by standing or exercising on a plate that vibrates at high frequency improved muscle 
function and bone strength in some studies, but there are some conflicting findings and gaps in the 
evidence [2-4]. Not all studies used a control group who received an equivalent intervention [4]. 
Vibration characteristics may differ in frequency, displacement and hence magnitude [5]. Vibration 
can be applied in different modes: vertical or side-alternating (where the plate rotates around a 
central axis) [5]. Few studies have compared different vibration modes [2]. Most studies were 
conducted either in healthy or osteoporotic older people, or in nursing home residents [2]. Healthy 
older people may not have elevated fall risk, whilst vibration training may compensate inactivity 
related losses in nursing home residents, so findings may not apply to community dwelling older 
people at risk of falls. 
This study thus aimed to compare the effects of vertical and side-alternating vibration to sham 
vibration administered in addition to usual care in older people at risk of falls on measures of falls 
risk, neuromuscular function, balance and bone turnover.  
Methods 
Experimental Design 
The study was a single-blind, randomised controlled trial of whole body vibration training in older 
people at risk of falls. Following baseline assessments, participants were randomised using a 
random number algorithm to receiving vertical vibration (VV), side-alternating vibration (SV), or 
sham vibration (Sham) in addition to usual care (see additional material for CONSORT diagram). 
All participants were asked to attend to participate in the intervention three times per week for 12 
weeks. Assessments were repeated at week 13. 
The trial was approved by the National Research Ethics Service, registered on the NHS clinical 
trials register and assigned an International Standard Randomised Controlled Trial Number 
(ISRCTN 29101534). 
Participants 
All men and women aged over 60 years, referred to Nottingham University Hospitals Trust 
Rehabilitation Unit Falls Prevention Programme during the study recruitment period were invited to 
participate in the study. Referral required being assessed as at risk of falling by a general 
practitioner, consultant geriatrician or other health professional. Exclusion criteria were 
contraindications to exercise or vibration, as assessed by a consultant geriatrician, and Mini-Mental 
State Examination (MMSE) score below 20. All participants provided written informed consent. 
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We estimated that detection of improvements in neuromuscular measures (timed-up and go, muscle 
power) of the magnitude reported previously in older people [6] with 80% power at the 95% 
confidence level would require at least 11 participants per group. To allow for up to 45% loss to 
follow up, we sought a total of 60 participants.  
 
Measurements 
Falls risk and neuromuscular function 
Measures of fall risk were assessed by health care professionals unaware of participants’ 
intervention allocation. The timed-up–and-go test [7] involved measuring the time taken to rise 
from a chair, walk three metres, return and sit back down again, using the usual walking aid. 
Functional reach was determined by asking the participant to stand with arm extended to shoulder 
height parallel to a wall scale to determine normal reach, then to reach forward as far as possible to 
determine extended reach [8]. The chair stand test involved measuring the time taken to stand and 
sit back down from a firm backed chair five times, without using arms [9].  The four square step test 
involved stepping in four directions over a low barrier [10]. Postural hypotension was identified as a 
drop from lying to standing of more than 20mmHg in systolic or 10mmHg in diastolic blood 
pressure. 
Measurements of neuromuscular function were made by the researcher who administered the 
interventions. Leg power was assessed using a Nottingham leg extensor leg power rig [11]. 
Maximal force output was determined during a counter-movement jump attempt on a custom built 
force plate. Static balance was assessed by recording the excursion of centre of pressure during 30s 
of quiet standing on the force plate. Measurements were repeated with eyes open and closed; both 
on a firm and compliant surface.  
Reported coefficients of variation for timed-up-and-go, chair stand, leg power and jump tests were 
5.28%, 5.1%, 6.5% and 3.6% respectively [12, 13]. 
Bone turnover 
Venous blood samples were collected in the morning and serum analysed for procollagen type I N-
terminal peptide (P1NP) as a marker of bone formation (Roche diagnostics UK Ltd, inter-assay CV 
3.8-4.2%) and isomerised C-terminal telopepide of type I collagen (CTX) as a marker of bone 
resorption (Roche diagnostics UK Ltd, inter-assay CV 1.6-4.3%).  
Questionnaires 
Functional independence was assessed using the Nottingham extended activities of daily living 
index (NEADL) [14]. Quality of life was assessed using the medical outcomes study 36 item short 
form health survey (SF-36) [15], fear of falling using falls efficacy scale (FES) [16] and physical 
activity using the physical activity scale for the elderly (PASE) [17]. Comorbidities and medication 
use were summarised using comorbidity index [18] and medication related comorbidity index [19], 
both modified by updating medications. 
Interventions 
All participants received the usual falls prevention programme, which consisted six weekly visits to 
the unit, each including a one hour exercise class based on the Otago Exercise Programme [20] and 
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information relevant to falls (home safety, medication, footwear, healthy eating and advice on 
vision and hearing tests) based on NICE guidance [21]. 
In addition, all participants were requested to attend the unit for a total of three visits per week for 
12 weeks for vibration sessions. These involved standing upon a vibration platform, without shoes, 
with bent knees. The movement of each platform was quantified using a triaxial accelerometer 
mounted to the platform surface with beeswax. Each session consisted of several brief bouts, each 
separated by one minute of rest. Participants typically increased from two to four 30s bouts in week 
1, up to six 1-minute bouts by week 8. Participants were asked to stop the bout if the training 
became unpleasant, and only increased training duration if they had completed the previous session 
without adverse symptoms. 
Participants were blinded to their intervention allocation and sessions were conducted so that 
participants did not see other participants training, so were not able to speculate on their allocation 
by comparing the movement experienced. 
Vertical vibration 
The VV group used a Power Plate Next Generation device (Power Plate International Limited), set 
to a nominal frequency of 30Hz and displacement setting of “Low”. This yielded a measured 
frequency of 28.4 Hz, peak-to-peak displacement of 1.3 mm and magnitude 15 m.s-2 r.m.s. 
acceleration (1.5g). 
Side-alternating vibration 
The SV group used a Galileo 2000 device (Novotech GmbH), set to a nominal frequency of 30Hz 
on foot position 1. This yielded a measured frequency of 29.8 Hz, peak-to-peak displacement at 
second toe of 2.9 mm and magnitude 36 m.s-2 r.m.s. acceleration (3.6g).  The motion comprised a 
rotational roll oscillation around a central pivot. 
Sham vibration 
The Sham group stood on the stationary Power Plate device, with a low frequency sound being 
delivered through a hidden loudspeaker to simulate the sound of a moving vibration platform.  
Statistical analysis 
Positively skewed variables were logarithmically transformed prior to analysis. Responses were 
compared between groups using analysis of covariance (ANCOVA) of post intervention values with 
pre-intervention values and gender as covariates to estimate the mean effect of each intervention 
relative to usual care. Planned contrasts were used to compare effect sizes in VV and SV groups to 
those in the sham group. To test for a difference in response between genders, a gender x group 
interaction term was included. Where this interaction term was not statistically significant, analysis 
was conducted without this term. We hypothesised that pharmaceutical effects may predominate on 
bone turnover in users of osteoporosis medication, so analyses of bone turnover were repeated with 
these participants excluded. All statistical analyses were conducted using SPSS version 19 (IBM 
Statistics).  
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Results 
Participant characteristics 
Of the 109 people invited, 81 (74%) were willing to participate. Of these, 20 people did not meet 
inclusion criteria (3 with MMSE scores<20; 12 with contraindications to exercise or vibration), 
whilst 5 were unable to attend because of transport requirements.  
Of the 61 study participants, 39% were male; whilst only 15% of non-participants were male. 
Participants were similar to non-participants in age (median 81 years in both groups). 85% of 
participants lived in their own home and the remainder in warden-aided accommodation. 59% were 
cared for by a spouse or other friend or relative. The majority used a walking aid: stick (61%), two 
sticks (3%), walking frame (15%) or wheelchair (2%). 
The baseline characteristics of the three intervention groups are summarised in Table 1. The 
proportion of male participants differed between groups, ranging from 20% in the Sham group to 60% 
in the VV group. Other characteristics were similar between groups. 
Adherence 
Two participants in each group were lost to follow up. One participant declined to attend without 
giving a reason, whilst five participants were admitted to hospital following falls (n=3), myocardial 
infarction (n=1) and chest infection (n=1).  
Of the six prescribed falls prevention programme sessions, participants in VV, SV and Sham groups 
attended on average 5.5, 5.5 and 5.2 sessions respectively. The total duration of vibration training 
completed was 114.6 + 43.3, 135.0 + 27.4 and 145.3 + 19.4 minutes respectively. 
Three participants from VV, and one from SV, discontinued the intervention, due to injuries from a 
fall, and deterioration of pre-existing arthritis, oedema and back ache. In addition, attendance was 
reduced due to bereavement (n=3) and illness unrelated to the intervention (n=1). Four participants 
reported transient discomfort during vibration (1 in knee and 1 calf in both SV and VV group) 
Changes in sham vibration group 
The Sham group showed significant improvements in chair stand time, timed-up-and-go time, FES, 
NEADL index, anteroposterior and mediolateral sway with eyes open (all P<0.05; Figure 1). Leg 
power, counter movement jump force, functional reach, sway with eyes closed, PASE score and 
bone turnover did not change significantly.  
Differences in response between groups 
Leg power increased more in VV than Sham (by 23%, P=0.044; Figure 1), but countermovement 
jump force changes did not differ significantly between groups (Table 2, Supplementary Table). 
Mediolateral sway with eyes open declined in Sham and SV but not VV (Figure 1), such that sway 
improved significantly less in the VV than Sham group (Table 2). 30s sway measurements with 
eyes closed, and eyes open on foam, were completed by 40 and 21 participants respectively and 
there were no significant changes in these conditions. Changes in fall risk measurements, and 
measures of physical function and quality of life did not differ between groups (Figure 1, Table 2, 
Supplementary Table).  
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Blood samples were obtained from 74% of participants for assessment of bone turnover. Overall, 
vibration did not significantly influence bone turnover. Once results from 6 participants taking 
osteoporosis medication were excluded, SV and VV had significantly greater improvements in 
serum P1NP than Sham (by 35%, P=0.008 and 26%, P=0.028 respectively; Table 2, Figure 1, 
Supplementary Table) whilst there were no differences in CTX. 
There were no significant gender x group interactions, indicating that vibration training effects did 
not differ between men and women. Post hoc tests showed no differences in effects between SV and 
VV groups. 
Discussion 
Whole body vibration was well tolerated in older people at risk of falls. In addition to the 
improvements seen with usual care, 12 weeks of vibration training produced some modest benefits, 
increasing bone formation, whilst vertical vibration improved leg power. However, vibration 
training did not benefit fall risk factors, with less improvement in sway in the vertical vibration than 
sham vibration group. 
Adherence to the intervention was good, with vertical, rotation and sham vibration groups attending 
77, 87 and 90% of prescribed sessions respectively. Although compliance was lowest in the vertical 
vibration group, this was largely a result of 3 individuals discontinuing the intervention, following 
deterioration of existing medical conditions. 
A number of improvements were seen in the sham vibration plus usual care group, including 
measures of falls risk, leg power, postural sway, physical activity, independence and quality of life. 
Whilst these benefits may be consequences of the fall prevention programme, the study was not 
designed to evaluate the fall prevention programme and it is possible that greater familiarity with 
the measurements at the post intervention visit could contribute to the apparent improvements. 
Vertical vibration improved leg power more than usual care, with the treatment effect being 
substantial in magnitude (~23%). This finding is consistent with previous studies that have reported 
improvements in strength and/or power in healthy community and institution dwelling older women 
and men [22-25]. Lower limb power is related to functional performance in older people [11] and 
this improvement in muscle power could benefit activities where leg power may be limiting, such as 
to stair ascent/descent,  although there were no improvements in measures of dynamic balance.  
Neither side-alternating nor vertical vibration improved postural sway in this study, in contrast to 
previous research: a meta-analysis of previous studies showed improvement with side-alternating, 
but not vertical, vibration [26]. Few participants, however, completed sway measurements in more 
challenging conditions, which may be more discriminative of falls [27].  
Vibration training did not significantly improve any of the clinical fall risk factors assessed in this 
study, relative to attending a falls prevention programme alone. Although one previous study 
reported no benefit in nursing home residents [28], several other studies have reported 
improvements in fall risk factors following a vibration intervention in community and institution 
dwelling older people [6, 29, 30] although only one of these studies used a control intervention 
demonstrated to reduce fall risk [30]. It is possible that the falls prevention programme was as 
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effective as vibration. Alternatively, it is possible that in this group with a high prevalence of co-
morbidities, muscle function was not the factor that limited performance in these clinical tests. 
A novel finding is that vibration training increased bone formation. Previous studies reported no 
effect on bone turnover in postmenopausal women [31-33], despite increased BMD in one study 
[33]. The previous trials had longer duration, and an increase in bone formation might occur only 
transiently in adapting to a novel stimulus and subside once skeletal adaptation has occurred. Earlier 
studies suggested that vibration training could increase hip bone density [3], although several large 
recent trials, involving different vibration modes and magnitudes, reported no significant effects in 
postmenopausal women [32, 34, 35].   
A strength of this study is the inclusion of a sham vibration plus usual care group. This provides 
strong evidence that changes seen were due to the vibration. Furthermore, adherence was good, 
with 90% of participants attending post intervention assessments and we employed an intention-to-
treat analysis. There are also several weaknesses. The sample size was modest, so changes with 
smaller effect sizes may not have been detected in this study. Participants may not have fasted prior 
to blood sampling, which may have increased the variance in bone marker measurements, most 
likely reducing the likelihood of detecting changes in bone metabolism. The duration of the study 
was not long enough to expect changes in bone mineral density or fall incidence. The participation 
of all participants in a falls prevention programme allows quantification of the additional benefit of 
vibration, but may underestimate vibration effects relative to no intervention. 
In conclusion, this study demonstrated that whole body vibration training was feasible and produced 
modest benefits in addition to a falls prevention programme in older people at risk of falls: 
increased bone formation and increased leg power from vertical vibration, which may contribute to 
improved physical function. 
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Table 1: Characteristics of participants in sham vibration (Sham), side-alternating vibration 
(SV) and vertical vibration (VV) groups: number (%), mean + standard deviation or median 
(interquartile range) 
 Sham 
n=20 
SV 
n=20 
VV 
n=21 
Number (%)    
Female 16 (80%) 8 (40%) 13 (62%) 
Taking osteoporosis medication 
Postural hypotension 
3 (15%) 
4 (20%) 
5 (25%) 
1 (5%) 
3 (14%) 
0 (0%) 
 
Mean + standard deviation 
   
Age 79.1 + 7.8 79.5 + 5.7 81.9 + 5.7 
Weight (kg) 64.8 + 10.2 70.9 + 18.7 70.7 + 14.7 
CMJ force (N/kg body weight) 7.8 + 2.4 7.2 + 3.3 7.3 + 2.9 
Leg power (W/kg body weight) 0.56 + 0.26 0.56 + 0.45 0.52 + 0.24 
Functional reach (cm) 16.0 + 5.9 13.8 + 6.2 13.7 + 6.6 
NEADL score 41.4 + 12.0 40.7 + 14.4 41.2 + 10.8 
Fear of falling score 34.4 + 19.9 31.8 + 19.8 30.6 + 12.5 
Four square step test score 2.15 +1.1 1.85 + 1.0 1.81 + 0.9 
MMSE score 27.8 + 2.8 28.3 +  2.2 28.6+ 2.5 
PASE score 51.7 + 31.0 57.4 + 31.8 58.1 + 26.0 
SF-36 scores    
Physical functioning 35+ 27 32 + 20 31 + 20 
Role limitations 28 + 28 28 + 37 19 + 19 
Bodily pain 53 + 28 64 + 31 60 + 28 
Social functioning 53 + 33 58 + 34 49 + 33 
Mental health 59 + 23 71 + 23 71 + 25 
Role limitations due to emotional 
problems 
55 + 41 67 + 39 71 + 38 
Vitality energy or fatigue 28 + 17 44 + 25 36 + 17 
Health compared to last year 31 + 27 48 + 28 50 + 30 
 
Median (interquartile range) 
   
Number of medications 
Medication related comorbidity index  
Comorbidity Index 
Timed-up-and-go time (s)  
4.0 (3.0-6.0) 
3.5 (3.0-4.8) 
2.5 (1.0-4.0) 
21 (16-32) 
6.0 (3.3-8.0) 
4.5 (2.3-6.8) 
2.5 (1.0-3.8) 
22 (17-34) 
4.5 (3.0-5.0) 
3.0 (2.0-6.9) 
2.0 (1.3-3.8) 
28 (18-42) 
Serum bone turnover markers n=14 n=13 n=14 
CTX (g/L) 0.42 (0.23-0.65) 0.33 (0.27-0.70) 0.26 (0.16-0.41)
P1NP (g/L) 51 (39-72) 43 (36-79) 30 (25-60) 
Postural sway (eyes open) n=17 n=20 n=20 
Sway distance y (mm) 180 (133-302) 176 (141-281) 183 (110-216) 
Sway distance x (mm) 317 (253-627) 385 (282-536) 269 (212-470) 
Sway speed (mm/s) 13(10-24) 16 (11-21) 12 (8-18) 
Postural sway (eyes closed) n=15 n=15 n=15 
Sway distance y (mm) 213 (156-405) 280 (172-406) 287 (166-392) 
Sway distance x (mm) 511 (372-792) 657 (444-740) 427 (319-761) 
Sway speed (mm/s) 20 (16-33) 25 (18-30) 22 (14-29) 
 n=14 n=9 n=9 
Chair stand time (s)  23 (20-30) 20 (17-30) 27 (19-46) 
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Table 2: Treatment effect for side-alternating vibration (SV) and vertical vibration (VV) 
relative to sham vibration. Calculated from ANCOVA of post-intervention values with pre-
intervention values and gender as covariates. 
Arithmetic means SV VV 
Functional reach 
(cm) 
-0.8 (-5.0-3.3) -2.0 (-5.8-1.9) 
Maximum countermovement jump force  
(N/ kg bodyweight) 
0.007 (-1.673-1.688) -1.014 (-2.555-0.527)
Nottingham extended activities of daily living 
index 
-1.6 (-6.6-3.4) -2.3 (-6.9-2.4) 
Fear of falling (FES) score 
 
3.16 (-5.98-12.31) 1.25 (-7.24-9.73) 
PASE 
 
8.1 (-17.6-33.9) -2.1 (-26.4-22.1) 
Geometric meansa SV VV 
Timed-up-and-go time (s) 
 
1.10 (0.83-1.41) 1.20 (0.93-1.55) 
Chair stand time (s) 
 
0.98 (0.69-1.41) 1.26 (0.89-1.82) 
Mean leg power (W/kg) 
 
1.08 (0.87-1.36) 1.23 (1.01-1.51)* 
Postural sway (eyes open)   
Log sway speed  1.12 (0.95-1.35) 1.29 (1.07-1.51)* 
Log anteroposterior distance  1.20 (0.98-1.48) 1.20 (0.98-1.48) 
Log mediolateral distance  
 
1.10 (0.91-1.32) 1.29 (1.10-1.55)** 
Postural sway (eyes closed)   
Log sway speed  0.91 (0.68-1.23) 0.87 (0.66-1.17) 
Log anteroposterior distance  1.07 (0.74-1.58) 0.85 (0.59-1.23) 
Log mediolateral distance  
 
0.89 (0.68-1.20) 0.93 (0.71-1.23) 
Markers of bone turnover   
Log CTX 0.95 (0.68-1.35) 1.00 (0.72-1.35) 
Log P1NP 
 
1.20 (0.95-1.48) 1.17 (0.95-1.41) 
Markers of bone turnover (participants taking 
osteoporosis medication excluded) 
  
Log CTX 1.07 (0.74-1.55) 0.93 (0.68-1.32) 
Log P1NP 
 
1.35 (1.10-1.70)* 1.26 (1.02-1.58)* 
*P<0.05 **P<0.001 
a Variables were logarithmically transformed prior to analysis so effect sizes are geometric 
means, which will represent multiplicative effects.  
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Figure 1: Mean changes during 12 weeks of sham vibration, side-alternating 
vibration (SV) or vertical vibration (VV): a) timed-up-and-go time; b) chair stand time; 
c) leg power; d) postural sway (eyes open); e) Nottingham extended activities of 
daily living index; f) Falls Efficacy Scale score; g) procollagen type I N-terminal 
propetide (P1NP); h) telomerised C-terminal telopeptide (CTX). Error bars represent 
95% confidence intervals. * Significant difference between groups: P<0.05 
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